We have isolated the serum response factor (SRF) homologue from two hydrozoans, the freshwater polyp Hydra vulgaris and the marine colonial Hydractinia echinata; we have termed the Hydra gene HvSRF and the Hydractinia gene HeSRF. The MADS-box of both genes is identical in sequence and more similar to SRFs of other organisms than to non-SRF MADS-box-containing proteins from other organisms. Within the N terminus of the predicted protein, a motif of 14 amino acids is nearly identical between Hydra and Hydractinia. This motif is absent from other known SRF sequences. In the adult Hydra polyp, SRF is predominantly expressed in cells of the interstitial cell (I-cell) lineage. Expression of SRF ceases when I-cells differentiate into nerve cells, nematocytes, or gland cells. In the course of sexual reproduction in Hydractinia, SRF is expressed in female germ cells. During embryogenesis, SRF transcripts are observed in all blastomeres. Later on, SRF expression is turned off in cells forming the ectodermal layer but further on is expressed in cells of the central cell mass, from which the endodermal epithelial cells and the I-cell lineage originate. Expression eventually becomes restricted to the I-cell lineage. We conclude that hydrozoan SRF is expressed in all these cells, which still have the property for differentiation. In adult Hydra, the abundance of SRF transcripts varies during the day. The pacemaker of this diurnal rhythm is the feeding regime. HvSRF expression decreases by 4 h after feeding and returns to the initial level 12 h after feeding. When feeding is stopped, the cycle of SRF expression persists through the first day when the animals are not fed. It has been shown that feeding partly synchronizes the cell cycle of the epithelial cells but not that of the I-cells. We suggest that the epithelial cells affect SRF expression in I-cells and thereby influence the decision of I-cells to enter a differentiation pathway.
INTRODUCTION
Hydrozoans are well-suited to study the control of pattern formation and cell differentiation. In this respect, the fresh water polyp Hydra is the best studied hydrozoan. However, the Hydra life cycle is not typical for a hydrozoan since both larval and medusa stages are absent. Further, the Hydra embryo is not as tractable experimentally as in other hydrozoans. In contrast, in the marine hydrozoan Hydractinia, all but the medusa stage of a typical hydrozoan life cycle are present and easily studied. Analyses of cell and tissue dynamics at the cellular level are, however, much easier in Hydra than in Hydractinia and thus much more is known about the control of cell differentiation in Hydra than in Hydractinia. Therefore, it is useful to carry out studies on both systems to obtain a more complete understanding of developmental processes in hydrozoans.
In order to obtain insight into the molecular features of pathways that control pattern formation and cell differentiation in hydrozoans, we identified homologues of socalled early response genes (ERG) from Hydra vulgaris and Hydractinia echinata. The rapid transcriptional induction of ERG without prior protein synthesis is the first molecular event after animal cells are stimulated with growth factors or other signaling molecules (for review, see Herschman, 1991) . Thus, they are expected to play key roles in the control of developmental processes.
The serum response factor (SRF) is an ERG (Norman et al., 1988; Misra et al., 1991) which plays a central role in the transcriptional response of cells to a variety of extracellular signals. SRF is a member of the MADS-box family of transcription factors (Shore and Sharrocks, 1995) . In addition to being an ERG, SRF also activates other ERGs by binding to the serum response elements (SRE) of their promoters. SRF binding sites have been identified in the promoters of about 30 different genes so far (Treisman, 1986; Cahill et al., 1995) . SRF acts in association with other proteins like the ternary complex factors (Shaw et al., 1989; Treisman, 1994) which belong to the ETS family of transcription factors (Hipskind et al., 1991; Dalton and Treisman, 1992) or homeodomain proteins like Phox-1 (Grueneberg et al., 1992 (Grueneberg et al., , 1997 .
In this paper, we describe the isolation and characterization of SRF homologues from two hydrozoans, H. vulgaris and H. echinata. It is shown that SRF expression is restricted to undifferentiated cells. When differentiation starts visibly, the expression becomes strongly reduced. We suggest that SRF is involved in the control of the decision of a cell to either differentiate or to remain a stem cell.
MATERIALS AND METHODS

Animals and Culture Conditions
Hydra vulgaris (Zü rich strain) was grown in Hydra medium (10 Ϫ3 M CaCl 2 , 5 ϫ 10 Ϫ4 M MgCl 2 , 2.5 ϫ 10 Ϫ5 M Na 2 EDTA, 7.5 ϫ 10 Ϫ5 NaCl, 10 Ϫ4 M KHCO 3 , 3.5 ϫ 10 Ϫ4 M NaHCO 3 in Milli-Q purified water, pH 7.6). Animals were fed five times a week at 9:00 A.M. with nauplii of Artemia salina. Culture of colonies of Hydractinia echinata and collection of eggs to obtain larvae were as described (Mü ller, 1969) . Metamorphosis was induced by treatment with CsCl for 3 h according to Mü ller and Buchal (1973) .
Production of I-Cell Free Hydra vulgaris
Adult Hydra polyps free of I-cells were produced by treatment with 0.5 mM LiCl for 5 days (Hassel and Berking, 1988) . The medium was changed daily and the animals were not fed during this period. Depletion of I-cells was analyzed by maceration (David, 1973) .
Isolation of MADS-Box Homologues from Hydrozoa
Total RNA of H. vulgaris and of H. echinata was isolated according to the acidic guanidine phenol method (Chomczynski and Sacchi, 1987) . For synthesis of first-strand cDNA, 5 g total RNA was transcribed with SuperScript II RNA Polymerase according to the manufacturer's protocol (Life Technologies, Karlsruhe, Germany). For the isolation of fragments from SRF cDNAs, 1/50 of the first-strand cDNA reaction mixture was used for PCR with the following degenerate primers encoding conserved amino acid sequences in the MADS-box: 5Ј-GNGT5AARATHAARATGG-3Ј; 5Ј-RTANACRTG5CC5GTYTC-3Ј. The amplification conditions consisted of an initial denaturation step at 94°C for 60 s followed by 40 cycles with denaturation at 94°C for 30 s, annealing at 42°C for 30 s, and extension at 72°C for 30 s followed by a final annealing at 72°C for 5 min. Fragments of the expected size were reamplified and cloned into pBS SKϩ (Stratagene, Heidelberg, Germany) modified for TA-cloning (Hadjeb and Berkowitz, 1996) .
Library Screening
A cDNA library was constructed by Stratagene (La Jolla, CA) using H. vulgaris poly(A)ϩ RNA as described in Sarras et al. (1994) . A total of 300,000 clones were screened under high-stringency conditions with a PCR fragment containing the MADS-box. A total of 15 positive clones were obtained including two clones of about 1400 bps, which is nearly the size of the full-length transcript.
Race PCR
H. vulgaris. Race PCR (Frohman et al., 1988) was carried out with 10 ng of DNA obtained by mass in vivo excision of inserts from the H. vulgaris cDNA library. For 5Ј race, a primer with the sequence Ј-GTAATACGACTCACTATAGGGC-3Ј was used as the anchor primer, a primer with the sequence 5Ј-TCGAGGTC-GACGGTATC-3Ј was used as the nested anchor primer, and a gene-specific primer with the sequence 5Ј-AACTGAAAGCTT-GATGAGGTG-3Ј was used.
H. echinata. For the isolation of the 5Ј part of HeSRF, step-out race PCR (Matz et al., 1999) was performed with the anchor primers from the smart race PCR Kit (Clontech, Heidelberg, Germany) under LA PCR conditions (Barnes, 1994) . The genespecific primer had the sequence 5Ј-AGACGCAACCAATAA-CATAACTTG-3Ј.
Sequence Analysis
Sequencing was done with the ABI PRISM BigDye terminator cycle sequencing kit (PE Biosystems, Weiterstadt, Germany). Nucleotide and deduced amino acid sequences were analyzed by using Clonemanager (Sci.-ed. Software, Durham, NC). Blast searches were performed at the NCBI using the Blast server (Altschul et al., 1997) . Multiple sequence alignments and phylogenetic trees were constructed with ClustalX (Jeanmougin et al., 1998) and TreeV32 (Page, 1998) .
Northern Analysis
For Northern analysis, 20 g total RNA from each developmental stage was fractionated in a 1% agarose-formaldehyde gel and transferred onto a Nytran neutral nylon membrane (Schleicher & Schuell, Dassel, Germany) . The RNA was bound to the membrane by UV-crosslinking. Verification of RNA transfer was done by staining of the membrane with methylene blue (Herrin and Schmidt, 1988) . SRF RNA was detected by hybridization with a radiolabeled single-stranded antisense cDNA containing about 500 bases from the 5Ј end of the cDNAs for either Hydra or Hydractinia SRF. The probe was prepared by asymmetric PCR using 5 ng of the Hydra or Hydractinia SRF cDNA as template and gene-specific primers. Hybridization and washing conditions were at high stringency. Following hybridization and washing, membranes were exposed to Kodak Biomax MS x-ray film at Ϫ70°C using a Kodak BioMax MS intensifying screen (Eastmen Kodak Company, Rochester, NY).
In Situ Hybridization
H. vulgaris. Whole-mount in situ hybridization was carried out as described previously (Grens et al., 1995) with the following modifications. Hybridization was carried out for 16 h with 20 ng/ml digoxygenin-labeled RNA probe containing the complete HvSRF cDNA sequence. Before use, the probe was hydrolyzed to an average length of about 200 nucleotides. Stained specimens were cleared in 50% PBT (PBS; 0.1% Tween 20)/50% formamide and mounted in Kaisers Gelatine (Merck Eurolab, Frankfurt, Germany) .
For in situ hybridization to single cells, animals were macerated as described by David (1973) . A total of 50 l of the cell suspension was spread on a cover glass (24 ϫ 36 mm) and dried. After washing four times with PBT, prehybridization was carried out with 350 l hybridization solution (50% formamide; 5ϫ SSC; 100 g/ml herring sperm DNA; 1ϫ Denhardt's; 100 g/ml heparin; 0.1% Tween 20; 0.1% Chaps) at 42°C for 2 h in a humid chamber. For hybridization, 50 l hybridization solution containing 8 ng of digoxygenin-labeled probe (160 ng/ml) were added to the slides and hybridization was allowed to proceed for 16 h at 42°C in a humid chamber. Washes were with 2ϫ SSC at RT for 5 min; 2ϫ SSC/0.1% Chaps at 65°C for 15 min and twice with 0.2ϫ SSC/0.1% Chaps at 65°C for 15 min. Detection was with alkaline phosphatase-coupled anti-digoxygenin antibody and staining was carried out with NBT/ BCIP. The macerates were analyzed with phase contrast using a Zeiss IM 35 microscope. Cells from three slides from each of three different experiments were counted. H. echinata. In situ hybridization was performed as described (Gajewsky et al., 1996) with the following modifications. Fixation of the animals was for 1 h in 4% paraformaldehyde, 20 mM Na 2 HPO 4 , pH 7.0, followed by five washes in PBT. The proteinase K incubation was replaced by a heat treatment at 90°C (Plickert et al., 1997) for 10 min with embryos, larvae, and primary polyps and for 15 min with adult polyps. Thereafter, the animals were transferred into 0.1 triethanolamine, pH 7.8, for 5 min, incubated twice for 5 min in 0.25% acetic anhydride plus 0.1 M triethanolamine, and finally washed in PBST. After postfixation in 4% paraformaldehyde, 20 mM Na 2 HPO 4 , pH 7.0, for 30 min, the following steps were performed according to Gajewsky et al. (1996) . Hybridization was for 16 h at 55°C. Detection of the labeled probe, staining, and mounting were carried out as for the Hydra in situ hybridizations.
Sectioning of Whole Mount in Situ Preparations
Whole-mount in situ preparations were prefixed with 4% formaldehyde, 20 mM sodium phosphate buffer, pH 7.2, for 1 h, washed three times in PBS, and fixed with 4% glutaraldehyde, 0.1 M phosphate buffer pH 7.2, 0.1 M saccharose for 1 h. After three washing steps with 0.1 M sodium phosphate buffer, pH 7.2, the whole mounts were dehydrated in an ethanol solvent, incubated twice for 15 min in propylene oxide, and incubated in 50% araldite propylene oxide overnight. Thereafter, the whole mounts were washed in 100% araldite for 2 h, transferred into fresh araldite, and polymerized at 60°C for 48 h. Sections of 6 or 10 m were prepared with an OMU3 microtome (Reichert, Austria).
RESULTS
Isolation of Hydrozoan SRF Genes
The MADS-box domain, which is present in SRF, is highly conserved among diverse phyla, making it possible to design primers which could be used to amplify fragments from SRF genes in Hydra and in Hydractinia. PCR with cDNA prepared from both animals yielded amplification products of the expected size, which were purified, cloned, and sequenced. The deduced amino acid sequences of the isolated fragments from both species showed a high similarity to other members of the MADS-box family of transcription factors, particularly SRF (Fig. 1A) . The fragment obtained from Hydra was used to screen a Hydra cDNA library. Two clones representing most of the transcript, except a short portion of the 5Ј coding region and the 5Ј UTR, were obtained. By means of 5Ј RACE, we isolated the 5Ј UTR and the rest of the coding region. The coding sequence of H. vulgaris Serum Response Factor (HvSRF; GenBank Accession No. AF306544) spans 1506 nucleotides and encodes a protein of 417 amino acids. Northern blot analysis indicates the size of the HvSRF mRNA to be about 1500 nucleotides (not shown), consistent with the length of the cDNA clone.
Using smart race PCR, 556 bp of the 5Ј region of Hydractinia echinata SRF (HeSRF; GenBank Accession No. AF306545) including the 5Ј UTR, a putative translation initiation ATG and the MADS-box was isolated. Northern blot analysis indicates that the HeSRF mRNA is about 1500 nucleotides in length (data not shown). Hence about 950 bases of the full-length sequence are still missing.
In Hydra SRF, the MADS-box domain extends from position 102 to 155 and in Hydractinia from position 91 to 144. The MADS-box of the hydrozoan SRFs is more similar to SRFs of other organisms than to non-SRF MADS-box containing proteins from other organisms. In a phylogenetic analysis using the MADS-box amino acid sequences from various phyla, the Hydra and Hydractinia MADS-boxes group with the members of the SRF family of MADS-boxcontaining proteins (Fig. 1B) . Within the N terminus of the predicted proteins, a stretch of 14 amino acids is conserved between Hydra and Hydractinia (amino acids 48 -61 in Hydra and 41-54 in Hydractinia; Fig. 1C ). There is no sequence similarity besides the MADS-box and this N-terminal motif. This motif is absent from known SRF sequences of other organisms.
In Hydra, SRF Is Predominantly Expressed in Multipotent I-Cells and in Very Early Stages of Differentiating I-Cells
The interstitial cell lineage of Hydra consists of multipotent interstitial stem cells which undergo self-renewal and give rise to germ cells, nematocytes, neurons, and gland cells. I-cells proliferate in the body column; the highest density of their derivatives is observed in the head and foot regions of the animal (for review, see Bode, 1996) .
In Hydra, mRNA of the SRF gene is detected in situ in the ectodermal layer in cells located in the body column. SRF is not expressed in the head including the tentacles nor in the foot ( Fig. 2A) . Labeled cells have large nuclei and only a small amount of cytoplasm, thus reflecting the typical shape of I-cells. They primarily occur singly or in pairs. Hence, we assume that the labeled cells may include the multipotent stem cells, which are among the large interstitial cells that occur as single cells, or possibly in pairs. In addition, fractions of the labeled cells may include nerve cell precursors, which occur as single small interstitial cells as well as gland cell and germ cell precursors (for review, see Bode, 1996) . Occasionally, the SRF-expressing cells occur in groups of more than two cells. This may indicate to cells of the nematocyte pathway although a neighborhood by chance of two independent small groups of I-cells can not be excluded. In order to carefully associate SRF-expression to the individual cells, we performed in situ analysis on cell macerates (Figs. 2B-2D ). SRF mRNA was never observed in epithelial cells, neither in ectodermal, nor in endodermal epithelial cells. HvSRF is indoubtedly restricted to the I-cell lineage (Table 1) . A total of 97% of all undifferentiated I-cells analyzed were found to have the SRF gene turned on. This indicates that not only the multipotent stem cells but also all intermediate precursors (i.e., nerve cell precursors, nematocyte precursors, and gland and germ cell precursors) express the SRF gene. The fraction of unlabeled cells included both large and small interstitial cells. In addition, 12% of the nematoblast population was stained. All these cells were very early stage of differentiating nematoblasts, barely allowing a detection of the rudiment of the nematocyst. No other cells of the I-cell lineage were labeled. By increasing the incubation time of the staining reaction, a very faint staining was detected in older nematoblasts and in gland cells, too. Hence, cells expressing the SRF gene include multipotent stem cells and all intermediate precursors of the I-cell lineage. As soon as differentiation is evident morphologically, SRF expression is downregulated.
To further confirm that SRF RNA is primarily expressed in I-cells, we produced Hydra almost free of I-cells by treating them with LiCl (Hassel and Berking, 1988) . Removal of the I-cells resulted in a substantial decrease in the level of SRF mRNA (Fig. 2E) , confirming that the bulk of SRF mRNA in normal adult polyps is in the I-cells.
The Level of SRF RNA in Adult Hydra Varies during the Day
It has been shown that feeding Hydra causes the commitment of I-cells to become nerve cells (Berking, 1979) and partly synchronizes the cell cycle of epithelial cells (David and Campbell, 1972) due to its influence on the length of the S-and G 2 -phases (Herrmann and Berking, 1987) . To investigate the influence of feeding on the expression of HvSRF, animals were fed once a day at a fixed time for 7 days to partly synchronize the epithelial cells. Thereafter, feeding was stopped and the animals were analyzed over a period of 4 days (Fig. 2F) . HvSRF expression is downregulated within 4 h after the last feeding. Eight hours later (i.e., 12 h after feeding), the SRF RNA level returns to that seen before feeding. The decrease occurs the following day even if the animals are not fed (Fig. 2F) . However, in animals starved for at least 4 days, the diurnal rhythm of HvSRF expression is no longer sustained and eventually expression reaches a level higher than that seen in fed animals.
In Hydractinia, SRF Is Expressed in the Oocyte and in All Early Blastomeres, in Cells of the Early Endoderm, and Finally Becomes Restricted to the I-Cell Lineage
H. echinata possesses a life cycle typical of most hydrozoans. Within 3 days of fertilization, the embryo develops into a planula larva competent for metamorphosis (see sketch in Fig. 3A) . The planula metamorphoses in less than 1 day into a primary polyp, which is the founder of the colony (see sketch in Fig. 4A ). Colonies of Hydractinia are polymorphic. The gastrozooid is the feeding polyp and is functionally and structurally similar to that of the Hydra polyp (see sketch in Fig. 5 ). The gonozooid is a polyp specialized for sexual reproduction (see sketch in Fig. 5) ; it lacks a hypostome and tentacles and hence is unable to feed. Male and female gonozooids are located on separate colonies. Both the male and the female gonozooid develop ball-like extrusions of the gastric cavity, the gonophores, in which the germ cells differentiate. Structurally, the gonophores are derived by reduction of the medusa stage. The (Fig. 3A) , suggesting that it is a maternal message. In situ analysis of various stages of Hydractinia embryogenesis supported these findings. HeSRF is expressed in all of the blastomeres of the early embryo (not shown). Expression becomes prominent to cells of the central cell mass, from which the endodermal epithelial cells and the I-cell lineage originate, by approximately 12 h after fertilization (Fig. 3B) . About 12 h later (i.e., 24 h after fertilization), expression in endodermal epithelial cells disappears and expression becomes restricted to I-cells. In contrast to the Hydra polyp, the I-cells of the larva of H. echinata are localized within the endoderm (Figs. 3C and 3D ).
During metamorphosis, HeSRF is expressed at the same level up to 8 h after induction. Then, an increase in the amount of the message can be detected (Fig. 4A) . As in situ hybridization shows, it is at this point that SRF expression ceases in the endoderm and commences, instead, in the ectoderm. Obviously, the labeled cells are of the I-cell lineage (Figs. 4B and 4C ). In 24-h-old primary polyps, SRF expressing cells occur predominantly in I-cells of the ectoderm of the stolon tissue (Fig. 4C) . In Hydractinia, the I-cells are the precursors of nerve cells, the nematocytes, and the germ cells (Mü ller, 1967) .
Adult polyps. In the gastrozooid, SRF mRNA is present in cells localized in the ectoderm of the lower half of the body column (Fig. 5A ). This localization coincides with the position of most of the I-cells in gastrozooids of Hydractinia (Mü ller, 1967) . Since the maceration technique into cells is not established in Hydractinia, it is not possible to associate expression of SRF to individual subtypes more carefully. In both male and female gonozooids, I-cells expressing SRF can be found in the ectodermal as well as in the endodermal layer (Figs. 5C and  5D ). It has been shown that the endodermal I-cell population at least contains both the male and the female germ cell precursors (Mü ller, 1964) . In young male gonophores, single labeled cells are detectable during sperm cell differentiation but the transcript disappears in the differentiated sperm (Figs.  5A and 5B). In female gonoozoids, labeled cells were still detected in growing gonophores. But the signal decreases during the development of the gonophores due to limited accessibility of the probe (Figs. 5E and 5F ). The HeSRF message becomes detectable again after spawning of the eggs and in zygotes (see above).
In summary, its obvious from our data achieved with Hydra that only the I-cells including the multipotent stem cells, and all early stages of the differentiation pathways express the SRF gene. With Hydractinia, we have shown that SRF is expressed in the female germline and early in the sperm differentiation pathway, in the oocyte, and in all blastomeres of the dividing embryo. As development proceeds, the expression becomes restricted to the central cell mass, which will form the endodermal layer and gives rise to the I-cell lineage. Later, only cells of the I-cell lineage express SRF as shown for Hydra in more detail.
DISCUSSION
MADS-box transcription factors can be found in protists, fungi, plants, and animals. They are involved in functions as diverse as flower development in plants, mating type determination in fungi (reviewed in Shore and Sharrocks, 1995; Theißen et al., 1996) , and spore differentiation in the slime mold Dictyostelium (Escalante and Sastre, 1998) . We have isolated members of the MADS-box gene family from two hydrozoans, members of the early diverging metazoan phylum Cnidaria. Phylogenetic analysis places these hydrozoan genes in the serum response factor gene subfamily, the most evolutionary conserved subfamily of MADS-box genes. The 54 AA of the MADS-box from H. vulgaris and H. echinata are identical and only 2 AA differ between hydrozoa and vertebrates.
Within the N terminus of the putative hydrozoan SRF protein, a stretch of 14 AA is nearly identical in Hydra and Hydractinia. This sequence is not present in any other known SRF, nor in any other known protein. Therefore, this conserved region may be involved in a possible common function of Cnidarian SRF. This idea will be supported if the N-terminal part of other hydrozoan as well as of anthozoan or scyphozoan SRF homologues contains this motif.
SRF has been shown to play a regulatory role in pathways involved in proliferation, differentiation, and migration of cells in diverse animal systems (Arsenian et al., 1998 and references therein) . The analysis of the expression pattern of SRF in Hydra shows that the SRF gene is expressed in the I-cell lineage. These cells include multipotent stem cells and cells which have already made decisions to differentiate into distinct pathways. Multipotent stem cells are cycling cells. Cells which have made decisions to differentiate have to undergo a final mitosis for differentiation. This may imply that SRF is somehow connected to proliferation. Epithelial cells, too, proliferate, yet they do not express SRF. Thus, SRF appears not to be generally involved in the control of proliferation. Instead the data can be interpreted that, in hydroids, SRF is an I-cell-specific gene which is expressed in cycling cells but is turned off when the cells have left the cycle. This idea is supported by the expression pattern of the SRF gene in the larva of Hydractinia echinata, in metamorphosing animals, and in the polyp. HeSRF is expressed in I-cells localized in the endoderm. During metamorphosis, SRF expression switches from cells in the endoderm to cells of the ectoderm. This fits the known behavior of the I-cells, which move from the endoderm into the ectoderm during metamorphosis to give rise to the selfrenewing I-cell population of the polyp stage (Van de Vyver, 1964; Plickert et al., 1988) . As this coincides with the simultaneous increase of cells expressing the SRF message (shown by in situ hybridization and by Northern blot analysis), this supports the idea that undifferentiated and actively proliferating I-cells embody the expression compartment for hydrozoan SRF.
But in contrast, HeSRF is expressed in the zygote and in all early blastomeres. When the ectodermal layer forms in the early embryo, expression of SRF becomes concentrated in the central cell mass. Subsequently, expression becomes restricted to a group of endodermal cells which appear to be the precursors of the I-cells, while those which become the precursors of the endodermal epithelial cells cease to express SRF. Up to this developmental stage, I-cells have not been present in the embryo. Taking the results together, we suggest that the common property of all cells expressing the SRF message in all the life stages analyzed so far is that they are cells in the undifferentiated stage (Fig. 6 ). These cells include multipotent stem cells and committed precursor cells which may undergo a final mitosis for differentiation as shown for the I-cell lineage in Hydra. This proposal fits the observed expression pattern during sexual reproduction, during embryogenesis and larval development, and the expression in the I-cell lineage of the adult polyp.
The polyp of Hydra has unusual tissue dynamics. The animal grows constantly while maintaining a fixed size and cell composition (Bode et al., 1973) . Cells proliferate almost everywhere in the body column and are displaced along the column toward the ends, where they form the appropriate structures. Loss of cells arises through sloughing at the ends and through displacement of tissue into the buds (Campbell, 1967a,b) . Therefore, the dynamics of the epithelial cell population, which define the shape and the size of the animal and the I-cell population, have to be carefully coordinated to maintain homeostasis between the different cell types.
The temporal expression of SRF may provide insight into the control of homeostasis between the I-cell lineage and the epithelial cells. We found that the expression of SRF changes in a diurnal rhythm in animals which were fed once a day. Even when food was withheld, the expression decreased at the time when food would normally have been given. SRF is expressed only in the I-cell lineage. The I-cells have a cell cycle length of about 1 day, but the cycles are not synchronized (Campbell and David, 1974) . Therefore, we suggest that the diurnal rhythm of SRF expression is not controlled by the cell cycle and that it is, rather, affected by external cues.
Nerve cells and/or epithelial cells would be good candidates to deliver such external cues for the regulation of SRF expression in I-cells. Feeding causes the commitment of I-cells to nerve cells (Berking, 1979) , while epithelial cells have been found to be partly synchronized in animals which were fed once a day at a fixed time (David and Campbell, 1972) . But in contrast to nerve cell commitment, which requires the feeding stimulus, the partial synchronization in the epithelial cells is maintained for some days in starved animals similar to the observed rhythm of SRF expression in the I-cells (Fig. 7) . Forced by this result, we suggest that epithelial cells deliver the external signals which regulate the expression of SRF in the I-cells. This does not, however, exclude that nerve cells may function as mediators between the signaling epithelial cells and the responding I-cells.
Based on these observations and ideas, we present a proposal for the regulation of the homeostasis between epithelial cells and I-cells in Hydra (Fig. 7 ). An attractive idea would be that expression of SRF keeps the I-cells in the undifferentiated state. We observed, however, in 12% of very early nematoblasts, weak expression of SRF. Accordingly, a total loss of SRF transcripts can not be the prerequisite for the decision making of an undifferentiated stem cell to enter, at least, the nematocyte differentiation pathway. Nevertheless, in all undifferentiated I-cells, SRF transcripts are present in substantial amounts while, in the vast majority of cells visibly starting to differentiate, transcription is absent. Thus, we propose that SRF expression is closely associated with the transition from the undifferentiated state into differentiation.
MADS-box proteins, in particular SRF, maintain their expression by autoregulation (Saedler and Huijser, 1993; Spencer and Misra, 1996; Belaguli et al., 1997) . We propose that hydrozoan SRF maintains its expression by autoregulation, too. Differentiation of I-cells occurs when the expression of SRF is reduced, due to external signals which interfere with the autoregulative maintenance of SRF expression. Epithelial cells are suggested to generate such signals. Feeding prevents epithelial cells from entering mitosis for a short period of time followed by shortening of the G 2 -and the S-phase (Herrmann and Berking, 1987) . The alteration in the cell cycle parameters is proposed to be accompanied by the release of such signals. From the analysis of SRF expression in relation to the feeding regime, we discovered a strong correlation between the frequency of epithelial cells in mitosis and the cycling of SRF expression in I-cells (Fig. 7A) . The decrease in SRF expression in the I-cells is closely correlated to the observed mitosis index of epithelial cells. Accordingly, we favor the idea that epithelial cells release the signals interupting the autocatalytic maintenance of SRF expression in the I-cells shortly before mitosis, that is the late G 2 -phase (Fig. 7B) . This does not, however, exclude that the epithelial cells release the signals in other parts of the cell cycle indicating to a delay in the release of the signals and the response of the I-cells. Eventually, the expression of SRF is reduced in I-cells. Epithelial cells may generate the signals only for a certain period of time in the cell cycle and the signal may have a short range. The termination of the inhibitory signal may be then brought about by events in the epithelial cells associated with the transition from G 2 to M. Due to that loss of inhibition and to the autocatalytic property of the transcription factor, expression of SRF in the I-cells recovers. In (some) I-cells, the transient decreased SRF expression may allow the cell to leave the undifferentiated state. In these I-cells, the SRF expression recovers too, but a decision has been taken to end the expression definitively following the next mitosis.
We also suggest that there is an additional signal to be necessary for an I-cell to leave the undifferentiated state. This signal would determine the specificity of differentiation, e.g., into a certain type of nerve cell or into a certain nematocyte.
Recently, it has been shown that epithelial cells produce a class of peptides, the PW peptides, that block either stem cell commitment or differentiation in the nerve cell pathway (Takahashi et al., 2000) . It will be of interest to determine whether this peptide family affects the expression level of SRF in the I-cells.
